Introduction: Duodenal duplication cysts are rare congenital malformations that are most often identified incidentally and managed nonoperatively. Because of the location of the cyst, it can obstruct the biliopancreatic ampulla requiring operative intervention. An open surgical approach is the conventional procedure for these patients.
INTRODUCTION
A gastrointestinal (GI) duplication cyst is a rare congenital malformation that can present in both children and adults. It is physically described as a spherical mass surrounded by a muscular coat and lined by a mucous membrane. These GI tract cysts can be categorized as foregut, small bowel, or large bowel duplications, depending on their location. In the general population, the collective estimated prevalence of these cysts ranges from 1:4,500 to 1:10,000 with most cases occurring in children. 1 Duodenal duplication cysts represent less than 5% of all GI duplications. Whereas some patients may present clinically with a palpable mass, abdominal pain, and bleeding, most patients are asymptomatic, and the cysts are discovered incidentally during diagnostic workup. 2 These entities are even less common in adults, where treatment traditionally involves surgical resection when symptomatic. [3] [4] [5] Duodenal duplication resection can be challenging, even for the most experienced surgeons because of the anatomic proximity of these cysts to the ampulla.
Extraluminal intestinal duplication cysts are most commonly treated with open exploration and resection, but a few reports have detailed the use of laparoscopic resection of gastric and ileal duplication cysts in children and adults. 6 -9 After detailing 2 cases of open surgical resection of duodenal duplication cysts, we report one of the few known cases of a laparoscopic resection of a duodenal duplication cyst in an adult. With the proven perioperative benefits of minimally invasive surgery, such as faster recovery and improved perioperative outcomes, it is critical that surgeons feel comfortable in identifying operative candidates for laparoscopic resection and are comfortable with the technique needed to provide the optimal outcome. 10, 11 
CASE DESCRIPTIONS Case 1
A 15-year-old female was referred to our institution for evaluation of recurrent pancreatitis. She underwent endoscopic retrograde cholangiopancreatogram (ERCP), which demonstrated both a duodenal duplication and incomplete pancreatic divisum. The patient was then scheduled for a resection of the duodenal duplication with a sphincterotomy of both major and minor papillae.
After induction of general anesthesia, a right upper quadrant incision was made, and the abdominal cavity was entered and explored. Initial inspection showed a grossly normal liver, stomach, kidneys, and large and small bowels. A Kocher maneuver was performed to visualize the duodenum, followed by palpation of the duplication cyst in the area of the major and minor papillae. A longitudinal anterior duodenotomy was then made over the duplication cyst. Upon entering the duodenum and identifying the duplication cyst, 75 U of secretin were given intravenously to verify the location of the accessory pancreatic duct. Using electrocautery, the duplication was excised off the wall of the duodenum. Overall, the patient tolerated the procedure well. The operative time for this patient's duodenal cyst was 3 hours and 25 minutes. The patient remained in the hospital until she was discharged on postoperative day 6. The patient has needed no further operations and has not returned to our institution with any new symptoms.
Case 2
A 17-year-old male presented to our clinic with episodic right upper quadrant abdominal pain associated with nausea and vomiting. After thorough GI evaluation, which included an abdominal x-ray and upper GI fluoroscopy without contrast, an intraluminal duodenal duplication was diagnosed, with partial obstruction of the second portion of the duodenum. Because of this patient's symptomatic presentation, it was recommended that he undergo an open surgical resection.
The procedure was performed through a right upper quadrant transverse incision. Duodenal mobilization was again performed via Kocher maneuver. The duodenum was opened directly opposite the pancreas to minimize risk of ampullary injury, and duplication was encountered immediately. Electrocautery was used for resection down to the base on the lateral duodenal wall.
The duodenum was then opened longitudinally and closed transversely, in a Heineke-Mikulicz style. A 2-layer closure was performed using inner layer Vicryl and outer layer Lembert-style sutures. The abdomen was then irrigated, and the fascia and skin were closed in multiple layers. The operative time for this procedure was 3 hours and 15 minutes. The patient remained in the hospital until postoperative day 7 and was discharged home. A year after the operation, the patient experienced no further episodes of vomiting, nausea, or abdominal pain. Of note, 3 years after the procedure, the patient returned to the emergency department for nausea. Computed tomographic (CT) scans and upper GI series noted no abnormalities.
Case 3
A 25-year-old female nurse presented initially to her primary care provider with epigastric pain. She assumed it was reflux and took calcium carbonate antacid. After being awakened by the pain yet again, she felt nausea and took oral ondansetron. The patient noticed no alleviation of her pain. The pain was most notable during inspiration. She denied fevers, chills, and vomiting and had no history of surgery, trauma, Helicobacter pylori infection, bleeding, reflux, abdominal pain, or weight loss. On physical examination, the patient had a soft, nondistended abdomen with normal bowel sounds and no palpable masses. She was tender to palpation in the epigastric area only. On routine blood tests, she had an elevated white blood cell count and lipase; otherwise, laboratory results, including H. pylori and sedimentation rate, were unremarkable.
CT imaging (Figure 1 ) of the abdomen and pelvis was performed with intravenous contrast. Within the second portion of the duodenum was a well-circumscribed fluidattenuation lesion measuring 4.3 ϫ 3.3 cm. The pancreas, gall bladder, and pancreatic duct were all normal appearing. EUS findings showed an anechoic, subepithelial lesion measuring 49.3 ϫ 38.9 mm in diameter adjacent to and compressing the ampulla. 
Surgical Technique
A Veress needle was placed in the left upper quadrant, and the abdomen was insufflated to 15 mm Hg. A 5-mm port was placed in the left upper quadrant. A 12-mm port was placed above the umbilicus, and 3 additional 5-mm ports were placed throughout the abdomen, including 1 for liver retraction. Anatomic attachments between the gallbladder, duodenum, and colon were taken down. A Kocher maneuver was then performed to bring down the transverse colon and medialize the duodenum. Esophagogastroduodenoscopy (EGD) was performed to localize the duplication cyst in the second part of the duodenum (Figure 2) . Stay sutures were then placed around the duodenum, and it was opened longitudinally. A large cyst was noted near the ampulla, making it difficult to resect without compromising outflow from the ampulla. Using blunt dissection and a Ligasure device (Medtronic Minimally Invasive Therapies, Dublin, Ireland), along with a focus on ampulla preservation, the cyst wall was removed from the duodenal mucosa en bloc, with only a small remnant of the cyst left. The sample was then sent to pathology. The duodenotomy was closed transversely with running V-Loc and Endo Stitch sutures (Covidien; Medtronic, Minneapolis, Minnesota, USA), the abdomen was irrigated, and the stomach was insufflated via a nasogastric tube, with no bile leakage from the anastomosis. A 19 French Blake drain was placed near the anastomosis. On gross examination, the pathology report described the sample as a 3 ϫ 2.4 ϫ 0.2-cm fragment of duodenum with pink-tan mucosa on each side, which was unremarkable, with no notable lesions. The pathologic diagnosis was a duodenal duplication cyst.
Operative time was roughly 2 hours and 45 minutes with less than 50 mL of blood loss. On postoperative day 4, the patient had no complaints and denied fevers, chills, abdominal pain, nausea, or vomiting. At this point, she tolerated a clear liquid diet and the amount of fluid draining was about 10 mL per shift. The drain was removed before discharge. At the first follow-up visit, on postoperative day 10, she reported that she had recovered well and was tolerating a full diet.
DISCUSSION
The appropriate management of patients with duodenal duplication cysts is dependent on complications, anatomic location, and characteristics of the cyst. In a metaanalysis by Chen et al 12 of 46 cases of duodenal duplication cysts, 33 (70.2%) underwent operative management. Of those, 25 (76%) received surgical resection, 6 (18%) had surgical marsupializations, and 2 (6%) underwent pancreaticoduodenectomy. In the same study, 12 of the 46 patients were treated with endoscopic marsupialization, and the remaining patient underwent medical treatment. In a case series by Antaki et al, 1 8 patients with intraluminal duodenal duplication cysts had endoscopic incision and marsupialization of the cysts, with no major complications. We recognize that endoscopy is a feasible alternative to surgical resection, but it is at times limited in its ability to visualize the entire cyst and its relationship to surrounding pertinent structures, such as the ampulla. Endoscopy, compared to surgical resection, at times can result in incomplete ablation of the cyst mucosa, which has the possibility of developing malignant degeneration. 1, 13 Over the past 3 decades, minimally invasive surgery has matured to the point where qualified surgeons can perform most general surgical procedures laparoscopically. 14 Initially, laparoscopy was used as a diagnostic procedure, but now it is the gold standard for several general surgery operations, such as cholecystectomy and distal pancreatectomy for pancreatic adenocarcinoma, because of enhanced recovery for patients, which is achieved by use of smaller incisions, decreased blood loss, and a decrease in the unavoidable stress response and postoperative ileus that follows a bowel operation. 10, 14 Despite these benefits, doubts persist with respect to newer and more complicated procedures. These feelings are reinforced oftentimes because of mixed and conflicting results in the literature. This specific sentiment was present with both laparoscopic duodenectomy and pancreaticoduodenectomy. These are now accepted and used with good outcomes in high-volume centers with advanced minimally invasive surgery faculty. 10, [15] [16] [17] [18] [19] 
CONCLUSION
This report highlights the evolution over the past 2 decades of surgical resection of duodenal duplication cysts, from an open approach to this application of laparoscopic excision of a duodenal duplication cyst.
We have illustrated the feasibility of a minimally invasive approach to this procedure in appropriately selected patients.
